IMAGE FORMING DEVICE THAT PERFORMS WARM-UP OPERATION 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to an image: forming 

i 

device. 

2, Related Art 

Normally, image forming devices, such as laser 
printers, are provided with thermal fixing devices for 

io performing fixing operations. The thermal fixing device 
includes a heat roller equipped with an internal heater, and 
a pressure roller that applies pressure to the heat roller. 
Toner image transferred onto a recording sheet is fixed by 
heat as the paper passes between the heat roller and the 

is pressure roller. 

In some of this type of thermal fixing device, a 
cleaner is disposed in contact with the surface of the heat 
roller for cleaning toner adhering to the surface of the 
heat roller during the fixing operation. 

20 Japanese unexamined patent application publication No. 

HEI-2-176689 describes one example of a cleaning method. In 
this method, the heat roller is rotated a prescribed number 
of times while the periphery of the heat roller contacts the 
cleaner a plurality of times in order to remove the large 

25 amount of resin and coloring agent adhering to the periphery 
of the heat roller. This cleaning operation is performed 
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after an operation-halt period is over, for example, when 
paper jam is cleared. 

However, the toner removed from the surface of the 
heat roller adheres to and solidifies on the cleaner. 
Therefore, if the heat roller starts rotating before the 
solidified toner on the cleaner is sufficiently melted, the 
toner can generate abnormal noises from scraping and can 
damage the heat roller and the like. Hence, during a warm- 
up operation executed to prepare for a printing operation, 
the internal heater of the heat roller is first turned ON, 
and the process waits until the surface of the heat roller 
reaches a predetermined temperature so that the toner fixed 
to the cleaner is sufficiently melted by the time of when 
the heat roller is driven to rotate. 

Once the heat roller reaches the predetermined 
temperature, the toner on the cleaner is sufficiently melted 
by heat. Hence, when the warm-up operation is executed 
directly thereafter, the toner adhering to the cleaner has 
already been melted, even if the temperature of the heat 
roller has dropped below the predetermined temperature. 
Therefore, if the process in the image forming device always 
waits until the heat roller reaches the predetermined 
temperature before start driving the heat roller to rotate, 
this waiting time becomes wasteful and prevents the image 
forming device from achieving high-speed printing processes. 



SUMMARY OF THE INVENTION 
In the view of foregoing, it is an object of the 
present invention to overcome the above problems, and also 
to provide an image forming device capable of achieving a 
high-speed printing process by beginning to drive a fixing 
member based on the prior heating status of the fixing 
member . 

In order to attain the above and other object, the 
present invention provides an image forming device including 
a fixing member, a heater, a first detecting member, a 
driving member, a contact member, a controller, and a second 
detecting member. The fixing member perforins a fixing 
operation to fix a developer onto a fixing medium and has a 
surface. The developer has a melting temperature that is a 
first temperature. The heater generates heat to heat the 
fixing member. The first detecting member detects a surface 
temperature of the fixing member. The driving member 
rotates the fixing member. The contact member constantly 
contacts the surface of the fixing member. The controller 
controls the heater and the driving member. The second 
detecting member detects whether or not the surface 
temperature of the fixing member has dropped below a third 
temperature after the surface temperature has previously 
reached a second temperature higher than the first 
temperature. The third temperature is equal to or higher 
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-than the first temperature and lower than the- second 
temperature. The controller controls the heater to start 
generating heat at a predetermined timing. If the" surface 
temperature of the fixing member detected -at the 
5 predetermined timing by the first detecting member is lower 
than the third temperature, the controller controls the 
driving member to start rotating the fixing member after the 
surface temperature of the fixing member exceeds the second 
temperature. If, at the predetermined timing, the second 

10 detecting member detects that the surface temperature of the 
fixing member has not dropped below the third temperature 
after the surface temperature has previously reached the 
second temperature, the controller controls the driving 
member to start rotating the fixing member. 

15 There is also provided an image forming' device 

including a fixing member, a heater, a first detecting 
member, a driving member, a contact member, a controller, 
and a second detecting member. The fixing member performs a 
fixing operation to fix a developer onto a fixing medium and 

20 has a surface. The developer has a melting temperature that 
is a first temperature. The heater generates heat -to heat 
the fixing member. The first detecting member deitects a 
surface temperature of the fixing member. The driving 
member rotates the fixing member. The contact, member 

25 constantly contacts the surface of the fixing member. The 
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controller controls the heater and the driving member. The 
second detecting member detects whether or not the surface 
temperature of the fixing member has dropped below a third 
temperature after the surface temperature has previously 
reached a second temperature higher than the first 
temperature. The third temperature is equal to or higher 
than the first temperature and lower than the second 
temperature. The controller controls the heater to start 
generating heat at a predetermined timing. If the surface 
temperature of the fixing member detected, at the 
predetermined timing, by the first detecting member is lower 
than the third temperature, the controller controls the 
driving member to start rotating the fixing member after a 
first predetermined time has elapsed after the surface 
is temperature of the fixing unit reached the third temperature 
by controlling the heater. If, at the predetermined timing, 
the second detecting member detects that the surface 
temperature of the fixing member has not dropped below the 
third temperature after the surface temperature has 
previously reached the second temperature, the controller 
controls the driving member to start rotating the fixing 
member after a second predetermined time has elapsed after 
the controller controlled the heater to start generating 
heat, the second predetermined time being shorter than the 
first predetermined time. 
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In the drawings: 

Fig. 1 is a cross-sectional side view showing, a laser 
printer according to a preferred embodiment of the present 
invention; 

Fig. 2 is an enlarged cross-sectional side view 
showing a fixing unit of the laser printer in Fig. 1; 

Fig- 3 is a block diagram showing electrical Structure 
of the laser printer in Fig. 1; 

Fig. 4 is a flowchart representing a warm-up bperation 
determining process executed in the laser printer in Fig. 1; 

Fig. 5 is a flowchart representing a temperature check 
process, executed in SI of the warm-up operation determining 

process of Fig. 4; 

Fig. 6 (a) is a graph showing an example of temperature 
variations in relation to time for the surface temperature 
of a heat roller detected by a thermistor; 

Fig. 6(b) is a time chart showing ON/OFF of the fixing 

heater; 

Fig. 6(c) is a time chart showing the flag status of a 

motor start flag; 

Fig. 6(d) is a time chart showing ON /OFF of: the main 

motor during a warm-up operation; 

Fig. 7(a) is a graph showing another example of 
temperature variations in relation to time for the surface 



temperature of the heat roller detected by the thermistor; 

Fig. 7{b) is a time chart showing ON /OFF of the fixing 
heater; 

Fig- 7(c) is a time chart showing the flag status of 

5 the motor start flag; 

Fig. 7(d) is a time chart showing ON /OFF of the main 
motor during a warm-up operation; 

Fig. 8(a) is a graph showing an example of 
temperature variations in relation to time for the surface 
10 temperature of a heat roller detected by the thermistor; 

Fig. 8(b) is a time chart showing ON/ OFF of the fixing 
heater ; 

Fig. 8(c) is a time chart showing the flag status of 
the motor start flag for when the time duration T3 is equal 
to or less than 10 seconds, according to a modification of 

the embodiment; 

Fig. 8(C) is a time chart showing the flag status of 
the motor start flag for when the time duration T3 exceeds 
10 seconds, according to the modification of the embodiment; 

Fig. 8(d) is a time chart showing ON/OFF of the main 
motor during a warm-up operation for when the time duration 
T3 is equal to or less than 10 seconds, according to the 
modification of the embodiment; and 

Fig. 8(d') is a time chart showing ON/OFF of the main 
25 motor during a warm-up operation for when the time . duration 
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T3 exceeds 10 seconds, according to the modification of the 
embodiment . 

PREFERRED EMBODIMENT OF THE PRESE NT INVENTION 
Next, a laser printer according to an embodiment of 
the present invention will be described with reference to 
the accompanying drawings. 

As shown in Fig. 1, a laser printer 1 of the present 
embodiment includes a main casing 2, a feeder unit 4, and an 
image forming unit 5. A front cover 2a is disposed on the 
front surface of the main casing 2 so as to be pivotable via 
a hinge 2b provided on the bottom edge of the front cover 2a. 
The front cover 2a is configured to open and close in 
relation to the main casing 2 by swinging the top end of the 
front cover 2a in the front-to-back direction. The feeder 
unit 4 and the image forming unit 5 are housed in .the main 
casing 2. The feeder unit 4 supplies sheets 3 to the image 
forming unit 5. The image forming unit 5 forms desired 
images on the supplied sheets 3. 

The feeder unit 4 includes a sheet supply tray 6 , a 
sheet pressing plate 7, a sheet supply roller 8, a 
separation pad 9, paper dust removing rollers 10, 11. and 
registration rollers 12. The sheet pressing plate 7 is 
pivotally movably provided within the sheet supply tray 6. 
The sheet supply roller 8 and the separation pad 9 are 
provided above one end of the sheet supply tray 6. The 
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paper dust removing rollers 10, 11 are disposed downstream 
from the sheet supply roller 8 with respect to a sheet 
transport direction in which the sheets 3 are transported. 
The registration rollers 12 are provided downstream from the 
paper dust removing rollers 10, 11 in the sheet transport 
direction. 

The sheet pressing plate 7 is capable of supporting a 
stack of sheets 3. The sheet pressing plate 7 is plvotably 
supported at its end furthest from the supply roller 8 so 
that the end of the sheet pressing plate 7 that is nearest 
the supply roller 8 can move upward and downward. Although 
not shown in the drawings, a spring for urging the sheet 
pressing plate 7 upward is provided to the rear surface of 
the sheet pressing plate 7. Therefore, the sheet pressing 
plate 7 pivots downward around the end of the sheet pressing 
plate 7 farthest from the sheet supply roller 8 in 
accordance with increase in the amount of sheets 3 stacked 
on the sheet pressing plate 7, against the urging force of 
the spring. The sheet supply roller 8 and the separation 
pad 9 are disposed in confrontation with each other. A 
spring 13 is provided beneath the separation pad 9 for 
pressing the separation pad 9 toward the sheet supply roller 
8. Urging force of the spring under the sheet pressing 
plate 7 presses the uppermost sheet 3 on the sheet .pressing 
plate 7 toward the supply roller 8 so that rotation of the 
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supply roller 8 moves the uppermost sheet 3 between the 
supply roller 8 and the separation pad 9. In this **ay, one 
sheet 3 at a time is separated from the stack and supplied 
to the paper dust removing rollers 10, 11. 
5 The paper dust removing rollers 10, 11 remove paper 

dust from the supplied sheets 3 and further convey them to 
the registration rollers 12. The pair of registration 
rollers 12 performs a desired registration operation on the 
supplied sheets 3 and transports the same to an image 

10 formation position where a photosensitive drum 27 and a 
transfer roller 30 contact each other. In other words, the 
image formation position is a transfer position where a 
visible toner image is transferred from the surface of the 
photosensitive drum 27 to a sheet 3 as the sheet 3 passes 

is between the photosensitive drum 27 and the transfer roller 
30. 

The feeder unit 4 further includes a multipurpose tray 
14 , a multipurpose sheet supply roller 15, and a 
multipurpose sheet supply pad 25. The multipurpose sheet 

20 supply roller 15 and the multipurpose sheet supply pad 25 
are disposed in confrontation with each other for supplying 
sheets 3 stacked on the multipurpose tray 14. A spring 25a 
provided beneath the multipurpose sheet supply pad 25 
presses the multipurpose sheet supply pad 25 up toward the 

25 multipurpose sheet supply roller 15. Rotation of the 
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multipurpose sheet supply roller 15 moves sheets 3 one at a 
time from the stack on the multipurpose tray 14 to a 
position between the multipurpose sheet supply pad 25 and 
the multipurpose sheet supply roller 15 so that the sheets 3 
on the multipurpose tray 14 can be supplied one at a time to 
the image formation position. j 

The image forming section 5 includes a scanner section 
16 , a process unit 17, and a fixing section 18. The scanner 
section 16 is provided at the upper section of the main 
casing 2 and is provided with a laser emitting section (not 
shown), a rotatingly driven polygon mirror 19, lenses 20, 21, 
and reflection mirrors 22 , 23, 24. The laser emitting 
section emits a laser beam based on desired image data. As 
indicated by single-dot chain line in Pig. 1, the laser beam 
passes through or is reflected by the mirror 19, the lens 20 , 
the reflection mirrors 22 and 23, the lens 21, and the 
reflection mirror 24 in this order so as to irradiate, in a 
high speed scanning operation, the surface of the 
photosensitive drum 27 of the process unit 17. 

The process unit 17 is disposed below the scanner 
section 16. The process unit 17 includes a drum cartridge 
26 detachably mounted in the main casing 2. The drum 
cartridge 2 6 can be mounted in and removed from the main 
casing 2 or removed by opening the front cover 2a. The drum 
cartridge 26 houses the photosensitive drum 27, a developing 
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cartridge 28, a scorotron charger 29, and a transfer roller 
30. 

The developing cartridge 28 is detachably mounted on 
the drum cartridge 2 6 and includes a developing roller 31, a 
5 thickness regulating blade 32, a supply roller 33, and a 
-toner hopper 34. 

The toner hopper 34 is filled with positively charging, 
non-magnetic, single- component toner. In the present 
embodiment, polymerization toner is used as the toner. 

10 Polymerization toner has substantially spherical particles 
and so has an excellent fluidity characteristic. To produce 
polymerization toner, a polymerizing monomer is subjected to 
well-known polymerizing processes, such as suspension 
polymerization. Examples of a polymerizing monomer include 

15 a styrene type monomer or an acrylic type monomer. An 
example of a styrene type monomer is styrene. Examples of 
acrylic type monomers are acrylic acid, acrylic (C1-C4) 
acrylate, and acrylic (C1-C4) metaacrylate. Because the 
polymerization toner has such an excellent fluidity 

20 characteristic, image development is reliably performed so 
that high-quality images can be formed. A coloring agent 
such as carbon black, wax, and the like are mixed in the 
polymeric toner. An externally added agent such as silica 
is also added in order to improve fluidity. A particle 

25 diameter of the polymeric toner is approximately 6 to 10 p. 
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A rotating shaft 35 is disposed in the center of the 
toner hopper 34. An agitator 36 is supported, on the 
rotating shaft 35 for agitating toner accommodated in the 
toner hopper 34. Toner agitated by the agitator 36 is 
discharged through a toner supply hole 3? formed in the side 
of the toner hopper 34. The agitator 36 is driven to rotate 
clockwise, as indicated by an arrow in Fig. 1, by a motive 
force inputted from the main motor 65. Windows 38 are 
disposed one in each side wall of the toner hopper 34 , 
enabling detection of the amount of toner remaining in the 
toner hopper 34. A cleaner 39 is supported on the rotating 
shaft 35 for cleaning the windows 38. 

The supply roller 33 is rotatably disposed to the side 
of the toner supply hole 37. The developing roller 31 is 
rotatably disposed in confrontation with the supply roller 
33. The supply roller 33 and the developing roller 31 
contact each other with a degree of pressure. 

The supply roller 33 includes a metal roller shaft 
covered by a roller formed of a conductive foam material. 
The supply roller 33 is driven to rotate in a 
counterclockwise direction as indicated by an arrow, in Fig. 
1 by a motive force inputted from the main motor 65. 

The developing roller 31 includes a metal roller shaft 
covered by a roller that is formed of an electrically 
conductive rubber material. More specifically, the roller 
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of the developing roller 31 is formed of an electrically 
conductive urethane rubber or silicon rubber including fine 
carbon particles, the surface of which is coated with a 
urethane rubber or silicon rubber including fluorine, A 
5 developing bias is applied to the developing roller 31. The 
developing roller 31 is driven to rotate [in the 
counterclockwise direction indicated by an arrow in Fig. 1 

by a motive force inputted from the main motor 65. 1 

i 

The thickness regulating blade 32 is disposed near the 

10 developing roller 31. The thickness regulating blade 32 
includes a blade body formed of a metal leaf spring , and a 
pressing part 40 disposed on the end of the blade body. The 
pressing part 40 is formed of an insulating silicon rubber 
to have a circular cross-sectional shape. The thickness 

15 regulating blade 32 is supported by the developing cartridge 
28, such that the pressing part 40 applies pressure to the 
developing roller 31 by the urging force of the blade body. 

Toner discharged through the toner supply hole 37 is 
supplied to the developing roller 31 by the rotation of the 

20 supply roller 33. At this time, the toner is positively 
tribocharged between the supply roller 33 and the developing 
roller 31. Further , toner supplied onto the developing 
roller 31 is carried between the pressing part 40 of the 
thickness regulating blade 32 and the developing roller 31 

25 with the rotation of the developing roller 31 , forming a 
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thin layer of toner having a uniform thickness on the 

developing roller 31. 

The photosensitive drum 27 is rotatably supported in 
the drum cartridge 2 6 to the side of the developing roller 
5 31 and in confrontation with the developing roller- 31. The 

photosensitive drum 27 is formed of a main drum, that is 

I 

grounded. The surface of the main drum is a positively 
charged photosensitive layer formed of polycarbonate or the 
like. The photosensitive drum 27 is driven to rotate 

10 clockwise as indicated by an arrow in Fig. 1 by tlfe motive 

j 

force inputted from the main motor 65. j 

The scorotoron charger 29 is disposed above the 
photosensitive drum 27 and is spaced away from the 
photosensitive drum 27 by a predetermined space so as to 

15 avoid direct contact with the photosensitive drum'27. The 
scorotron charger 29 is a positive-charge scorotron type 
charge unit for generating a corona discharge! from a 
tungsten charge wire, for example, to uniformly charge the 
surface of the photosensitive drum 27 to a positive charge. 

20 The transfer roller 30 is rotatably supported in the 

drum cartridge 26 at a position below and in confrontation 
with the photosensitive drum 27. The transfer roller 30 
includes a metal roller shaft and a roller portion -covering 
the roller shaft. The roller portion is made from 

25 electrically-conductive rubber material. At the time of 
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toner image transfer, the transfer roller 30 is applied with 
a predetermined transfer bias with respect to the 
photosensitive drum 27. The transfer roller 30 is driven to 
rotate in the counterclockwise direction as indicated by an 
5 arrow in Fig. 1 by the motive force inputted from the main 
motor 65. 

AS the photosensitive drum 27 rotates, the Scorotron 
charger 29 forms a uniform positive charge over the surface 
of the rotating photosensitive drum 27. Subsequently, 

10 electrostatic latent images are formed on the surface of the 
photosensitive drum 27 by a laser beam emitted from the 
scanning unit 16. Then/ the positively charged toner 
carried on the surface of the developing roller 31 is 
brought into contact with the photosensitive drum 27 as the 

15 developing roller 31 rotates. At this time, the latent 
images formed on the surface of the photosensitive drum 27 
are transformed into toner images when the toner is 
selectively attracted to portions of the photosensitive drum 
27 that were exposed to the laser beam and, therefore, have 

20 a lower potential than the rest of the surface having a 
uniform positive charge. In this way, reversal development 
is achieved. 

The toner image carried on the surface ' of the 
photosensitive drum 2 7 is transferred to the recording sheet 
25 3 by a transfer bias applied to the transfer roller 30 as 
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the recording sheet 3 passes between the photosensitive drum 
27 and the transfer roller 30. 

The fixing unit 18 is disposed to the side of and 
downstream from the processing unit 17 in the sheet 
transport direction. As shown in Fig. 2, the fixing unit 18 
includes a heat roller 41, a heater 47, a thermistor 43 r a 
stripping blade 44, a cleaner 45, a pressure roller 42 , and 
a pair of conveying rollers 46. The conveying rollers 46 
are disposed downstream from the heat roller 41 and the 
pressure roller 42 . 

The heat roller 41 is formed in a cylindrical shape by 
molding aluminum or another metal. The heat roller 41 is 
rotatably supported in the main casing 2 by both axial ends . 
The heat roller 41 is driven to rotate clockwise as 
indicated by an arrow in Fig. 1 by the motive force inputted 
from the main motor 65. 

The heater 47 is a halogen heater or the like and is 
disposed in the axial center of the heat roller 41, 
extending along the axial direction of the heat roller 41. 
When the heater 47 is turned ON, the surface temperature of 
the heat roller 41 rises at a rate of 20°C/second, for 
example. When the heater 47 is turned OFF, the surface 
temperature of the heat roller 41 drops at a rate of 0.2- 

2°C/second, for example. 

The thermistor 43 is a contact-type temperature sensor 



17 



formed as a flat plate having elasticity. The base end of 
the thermistor 43 is supported on the main casing 2 such 
that the free end of the thermistor 43 contacts the surface 
of the heat roller 41 in the axial center of the heat roller 
41 and on the upstream side of the contact point between the 
heat roller 41 and the pressure roller 42 in relation to the 
rotational direction of the heat roller 41. The thermistor 
43 detects the surface temperature of the heat roller 41 and 
inputs this value to a central processing unit <CPU) 59 (Fig. 
3) to be described later. 

The stripping blade 44 is formed of a resin or the 
like to have a sharp leading edge. The stripping blade 44 
is fixedly disposed along the axial direction of the heat 
roller 41 on the downstream side of the contact point 
between the heat roller 41 and the pressure roller 42 in 
relation to the rotational direction of the heat roller 41. 
The base end of the stripping blade 4 4 is supported on the 
main casing 2 such that the leading edge of the stripping 
blade 44 constantly contacts the surface of the heat roller 
41 from a direction opposing the rotational direction of the 
heat roller 41. The sharp leading edge of the stripping 
blade 44 peels the recording sheet 3 from the surface of the 
heat roller 41 as the recording sheet 3 passes between the 
heat roller 41 and the pressure roller 42- That is, the 
stripping blade 44 decreases the occurrence of paper jams in 
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the fixing unit 18 by easily peeling the recording sheet 3 
from the. surface of the heat roller 41 in this manner. 

The cleaner 45 is formed of a rubber material, a 
sponge material, or the like. The cleaner 45 is disposed 
5 downstream of the stripping blade 44 and upstream of the 
thermistor 43 in the rotational direction of the heat roller 
41 at a position corresponding to the thermistor 43 with 
respect to the axial direction of the heat roller 41. The 
cleaner 45 constantly contacts the heat roller 41 over a 

10 range greater than the width of the thermistor 43 in the 
axial direction of the heat roller 41. As shown in Fig. 2, 
the cleaner 45 is fixedly supported above the heat roller 41 
and has a substantially U-shape. A support plate 45a 
extending along the axial direction of the heat roller 41 

15 from the main casing 2 is interposed in the U shapie of the 
cleaner 45, which in turn is interposed between opposing 
plates 45b. A spring 45c is disposed between the opposing 
plates 45b above the cleaner 45. The urging force of the 
spring 45c presses the bottom end of the cleaner 45 against 

20 the surface of the heat roller 41, enabling the cleaner 45 
to clean toner from the surface of the heat roller 41 that 
has been deposited thereon from the recording sheet 3 
passing between the heat roller 41 and the pressure roller 
42. With this configuration, the cleaner 45 removes toner 

25 from the surface of the heat roller 41 which has been 

! 
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transferred from the recording sheet 3 onto the surface of 
the heat roller 41 during the fixing operation. 

The pressure roller 42 includes a metal roller shaft 
covered by a roller formed of a rubber material. As shown 
5 in Fig. 1, the pressure roller 42 is rptatably supported in 
the main casing 2 at a position below the heat roller 41 and 
is pressed toward the heat roller 41 by a spring (not shown) . 
When the heat roller 41 is driven to rotate, the pressure 
roller 42 follows the rotations of the heat roller 41- 

10 During the fixing operation of a printing process, the 

CPU 59 controls ON and OFF of the heater 47 in order to 
maintain the surface temperature of the heat roller 41 at a 
predetermined fixing temperature. Toner transferred onto a 
recording sheet 3 when the recording sheet 3 passes between 

15 the photosensitive drum 27 and the transfer roller 30 is 
fixed by heat to the recording sheet 3 as the recording 
sheet 3 passes between the heat roller 41 and the pressure 
roller 42. Subsequently, the recording sheet 3 is .conveyed 
along a discharge path 48 by the conveying rollers 46. 

20 Following the fixing operation, the recording sheet 3 is 
conveyed to discharge rollers 49 along the discharge path 48, 
and then the discharge rollers 49 discharge the recording 
sheet 3 onto a discharge tray 50. 

Here, when the stripping blade 44 peels the recording 

25 sheet 3 from the surface of the heat roller 41, tcjner from 
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the surface of the heat roller 41 becomes deposited on the 
stripping blade 44. Also, when the cleaner 45 removes toner 
from the surface of the heat roller 41, toner from the 
surface of the heat roller 41 becomes deposited' on the 
cleaner 45. 

The laser printer 1 further includes a reverse 
conveying unit 51 for enabling a duplex printing to print 
both sides of the sheet 3. The reverse conveying unit 51 
includes the discharge rollers 49, a reverse conveying path 
52, a flapper 53, and a plurality of reverse conveying 
rollers 54. 

The discharge rollers 49 are a pair of rollers that 
can be selectively rotated forward and in reverse. The 
discharge rollers 49 are rotated forward to discharge sheets 
3 onto the sheet-discharge tray 46 and rotated in reverse 
when sheets 3 are to be inverted. ! 

The reverse conveying rollers 54 are disposed below 
the image forming unit 5. The reverse conveying path 52 
extends vertically between the discharge rollers 49 and the 
reverse conveying rollers 54. The upstream end, of the 
reverse conveying path 52 is located near the discharge 
rollers 49 and the downstream end is located near the 
reverse conveying rollers 54 so that sheets 3 , can be 
transported downward from the discharge rollers 49 s to the 
reverse conveying rollers 54. 
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The flapper 53 is pivotably provided at a branch point 
between the discharge path 4 8 and the reverse convening path 
52. By toggling the excitation of a solenoid (not shown) ON 
and OFF, the conveying direction of the recording; sheet 3 
reversed by the discharge rollers 49 can be switched from 
the direction toward the discharge path 48 to the direction 
toward the reverse conveying path 52. 

The reverse conveying rollers 54 are disposed in a 
substantially horizontal direction above the discharge tray 
6. The reverse conveying roller 54 farthest upstream is 
positioned near the downstream end of the reverse conveying 
path 52. The reverse conveying roller 54 farthest 
downstream is positioned below the registration rollers 12. 

When forming images on both sides of the recording 
sheet 3, the reverse conveying unit 51 is operated as 
follows. After having an image formed on one surface, the 
recording sheet 3 is conveyed by the conveying rollers 46 to 
the discharge rollers 49 via the discharge path 48. With 
the recording sheet 3 interposed between the discharge 
rollers 49, the discharge rollers 49 rotate in a forward 
rotation, conveying the recording sheet 3 temporarily 
outward (toward the discharge tray 50) , such that a large 
part of the recording sheet 3 is fed out of the main casing 
2. When the trailing edge of the recording sheet 3 becomes 
interposed between the discharge rollers 49, the discharge 
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rollers 49 halt their forward rotation. Next, the discharge 
rollers 49 rotate in the reverse direction, and also the 
flapper 53 switches the conveying direction to coinvey the 
recording sheet 3 toward the reverse conveying path 52. 
5 Hence, the recording sheet 3 is conveyed toward the reverse 
conveying path 52 leading now with the trailing edge. After 
the recording sheet 3 is conveyed into the reverse conveying 
path 52 r the flapper 53 is switched to its original state, 
that is, the position for conveying the recording, sheet 3 

10 supplied from the conveying rollers 46 toward the discharge 
rollers 49. Next, the recording sheet 3 conveyed along the 
reverse conveying path 52 in the reverse direction is 
conveyed to the reverse conveying rollers 54, which in turn 
convey the recording sheet 3 upward to the registration 

15 rollers 12. The registration rollers 12 adjust the 
recording sheet 3 to a proper register and convey 'the same 
toward the transfer position with its upper front 'and back 
surfaces switched, enabling images to be formed : on both 
sides of the recording sheet 3. 

20 In the laser printer 1, a warm-up operation is 

executed to initialize various mechanical components by 

driving the components to rotate idly while not supplying 

the recording sheet 3 from the feeding unit 4. These 

components are idly driven by driving of the main motor 65. 

25 The mechanical components driven to rotate in the' warm-up 

t 
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operation include the agitator 36, the supply roller 33, the 
developing roller 31, the photosensitive drum 27, the 
transfer roller 30, and the heat roller 41. That is, the 
main motor 65 is driven to idly rotate the heat roller 41 
and the like in the warm-up operation. 

The warm-up operation is executed at prescribed 
timings to prepare for a printing process. The prescribed 
timings include timings prior to executing a series of 
printing processes, when the power is turned ON to the laser 
printer 1, when the laser printer 1 is reset, when a paper 
jam or other error is cleared, when the laser printer 1 is 
revived from a sleep mode, when the front cover 2a is closed, 
and the like. Fig. 3 is a block diagram showing the 
electrical construction of the laser printer 1 used to 
implement this control process for executing the , warm-up 
operation. 

As shown in Fig. 3, the laser printer 1 includes a 
control circuit board 55, an interface 56, and an engine 57. 
The control circuit board 55 includes an application 
specific integrated circuit (ASIC) 58, the CPU 59, a read 
only memory (ROM) 60, a random access memory (RAM) 61, and a 
nonvolatile random access memory (NVrajm) 62. 

The ASIC 58 is an integrated circuit for connecting 
the CPU 59, the ROM 60 , the RAM 61, the NVRAM 62 , the 
interface 56, and the engine 57. The CPU 59, the ROM 60, 



the RAM 61, and the NVRAM 62 are connected to the! ASIC 58 
within the control circuit board 55 by buses 63. The 
interface 56 and the engine 57 are connected to the ASIC 58 
outside of the control circuit board 55 by buses 63, 

The CPU 59 is the center of control in the laser 
printer 1 and controls each component therein. For ^example, 
the CPU 59 controls ON and OFF of the heater 47 based on 
detection signals from the thermistor 43 so as to maintain 
the surface temperature of the heat roller 41 at a 
predetermined fixing temperature during fixing operation and 
at a predetermined waiting temperature during non-fixing 
operation. 

In order to ensure safety for a user, the CPU 159 halts 
the driving of the main motor 65 and turns OFF the hleater 47 
when the front cover 2a is opened during a printing process. 
The CPU 59 also halts the driving of the main motor 65 and 
turns OFF the heater 47 when the laser printer 1 enters a 
sleep state, when an error, such as a paper jam, occurs, or 
the like. 

The ROM 60 stores various programs for controlling the 
laser printer 1, such as a print control program for 
executing a printing process. The print control program 
includes a warm-up operation determining program for 
determining the necessity for a warm-up process, a 
temperature check process program for checking the surface 
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temperature of the heat roller 41, and the like. . The RAM 61 
is a memory for temporarily storing numerical values and 
other data. Data written to the RAM 61 includes the surface 
temperature of the heat roller 41 detected by the thermistor 
43, and a motor start flag (Fig. 5) for determining whether 
to start driving (rotating) the main motor 65 during the 
warm-up operation. 

The NVRAM 62 is a nonvolatile memory, meaning that 
data stored in the NVRAM 62 is not lost even when the laser 
printer 1 loses power or is reset. Data written to the 
NVRAM 62 includes the predetermined temperature of the heat 
roller 41. Specifically, the NVRAM 62 stores such data as a 
fixing temperature T p , a waiting temperature T r a cold start 
motor rotatable temperature T s , a check temperature T c , and 
a toner melting temperature T ra . 

The fixing temperature T p is the temperature at which 
a toner image is fixed to the recording sheet 3 during the 
fixing operation of a printing process and is set to 200 °C, 
for example. The waiting temperature T r is the temperature 
used during a rest state of a printing process (im other 
words, during a non-fixing operation) . The waiting 

temperature T r is set to a temperature, such as 160°C, from 
which the temperature can be rapidly raised to the fixing 
temperature when the next printing operation begins. 

The cold start motor rotatable temperature T s is the 



temperature at which toner adhering to and solidified on the 
cleaner 45 and the stripping blade 44 is melted and the heat 
roller 41 can be rotated without generating abnormal noises 
or being damaged during a cold start, that is, when heating 
the surface of the heat roller 41 with the heater 47 from a 
temperature below the toner melting temperature T TO . In this 
embodiment,, the cold start motor rotatable temperature T 5 is 
the surface temperature of the heat roller 41 at which toner 
solidified on the cleaner 45 is melted. It should be noted 
that the cleaner 4 5 has a greater thermal capacity than the 
stripping blade 44. The temperature T s is set to 140°C, for 
example . 

The check temperature Tc is a reference temperature 
for determining whether to change the setting of the motor 
start flag (that is, whether to initiate the warm-up 
operation immediately) when the surface temperature of the 
heat roller 41 is lower than the cold start motor rotatable 
temperature T s . The check temperature T c is set to 110°C, 
for example. The toner melting temperature T ra is the 
melting temperature of toner used in the laser printer 1 and 
is set to 100°C, for example. 

A personal computer (PC) 64 is connected to the 
interface 56 as an external device. The engine: 57 is 
configured of various mechanical components for executing a 
printing process, including the main motor 65 for driving 



the heat roller 41 and the like to rotate, the thermistor 43, 

and the heater 47. 

While power is being supplied to the laser printer 1, 
the warm-up operation determining program monitors the need 
to perform a warm-up operation (every 10 msec for example) 
and, when a warm-up operation is necessary, determines 
whether or not to immediately control the maim motor 65 to 
drive. 

Next, a warm-up operation determining process will be 
described in detail with reference to the flowcharts in Pigs. 
4 and 5. 

At the beginning of the warm-up operation determining 
process shown in Fig. 4, the temperature check process 
program is launched in SI to initiate a temperature check 
process for checking the surface temperature of the heat 
roller 41. Fig. 5 shows the flowchart representing the 
temperature check process. 

At the beginning of the temperature check protess, as 
shown in Fig. 5, the CPU 59 determines in S6 whether a 
current surface temperature T» of the heat roller 41 
detected by the thermistor 43 is higher than the cold start 
motor rotatable temperature T 5 . 

If the surface temperature T n of the heat roller 41 is 
higher than the cold start motor rotatable temperature T s 
(S5:YES>, then in S8 , the motor start flag stored in. the RAM 
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61 is set to 1, and the temperature check process ends. On 
the other hand, if the surface temperature T n of the heat 
roller 41 is not higher than the cold start motor rotatable 
temperature T s (S5:NO), then in S6, the CPU 59 determines 
5 whether or not the surface temperature T n of the heat roller 
41 is higher than the check temperature T c - 

If the surface temperature T n of the heat roller 41 is 
not higher than the check temperature T c (S6:NO), then in S7 , 
the motor start flag stored in the RAM 61 is set to 0, and 

10 the temperature check process ends. On the other hand, if 
the surface temperature T n of the heat roller 41 is higher 
than the check temperature T c (S6: YES), then the motor start 
flag is not reset, but is maintained at the same value set 
in the previous temperature check process, and the 

15 temperature check process ends. 

Here, it should be noted that when the laser printer 1 
is first turned ON, the motor start flag is initialized to 0. 

After completing the temperature check process of SI, 
the CPU 59 determines in S2 of Fig. 4 whether or not a warm- 

20 up operation is necessary. 

Cases in which the warm-up operation is determined to 
be necessary include when the power to the laser printer 1 
is turned ON, when the laser printer 1 is reset, when a 
print job is inputted after a fixed time has elapsed since 

25 completing the previous printing process (waking from a 



sleep state) , when an error such as a paper jam is icleared, 
and when the front cover 2a in an open state is closjed. 

When the CPU 59 determines that the warm-up operation 
is not necessary (S2:N0), then the process of the* warm-up 
operation determining program ends. On the other hand, if 
the CPU 59 determines that the warm-up operation is 
necessary (S2:YES), the warm-up operation is started or 
continued if already started. Specifically, the CPU 59 
turns ON the heater 47 to heat the surface of the heat 
roller 41. Next, the CPU 59 determines in S3 whether or not 
the motor start flag in the RAM 61 is 1. 

If the motor start flag is. not 1 (S3:N0). that is, 
when the motor start flag is 0, then the warm-up operation 
determining process is ended without controlling the main 
motor 65 to drive. On the other hand, if the motor start 
flag is 1 (S3: YES), then in S4 the main motor 65 drives, and 
the process of the warm-up operation determining program 
ends . 

It should be noted that once the warm-up operation is 
determined to be necessary in S2 , then it is determined in 
S2 that the warm-up operation is necessary in subsequent 
determining processes in S2 unless the main motor 65 drives 
in $4 thereafter. 

Next, the warm-up operation determining process will 
be described in greater detail with reference to Figs. 6(a) 
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to 6(d). Fig. 6(a) is a graph showing an example of 
temperature variations in relation to time for the surface 
temperature of the heat roller 41 detected by the thermistor 
43- 

When the power of the laser printer 1 is turned ON, 
the warm-up operation determining process is repeatedly 
executed to continuously monitor the need to execute the 
warm-up operation. Also, based on the print control program 
and detection signals from the thermistor 43, as shown in 
Fig. 6(b) , the CPU 59 controls ON and OFF of the hfeater 47 
to maintain the surface temperature T n of the heat roller 41 
at the waiting temperature T r . By maintaining the: surface 
temperature T n of the heat roller 41 at the j waiting 
temperature T r slightly lower than the fixing temperature T p 
in this way, it is possible to conserve energy when not 
performing a printing process (during a non-fixing 
operation) . Further, high-speed printing operations can be 
maintained by quickly raising the temperature from the 
waiting temperature T r to the fixing temperature 'T p when 
performing a printing process (during a fixing operation) . 

As mentioned above, when the power to the laser 
printer 1 is turned ON, the CPU 59 determines that a warm-up 
operation is necessary in Fig. 4 (S2:YES) and starts the 
warm-up operation. At this time, the motor start -flag is 
initialized to 0. Accordingly, the main motor 65 is not 
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driven to rotate at this point (S3:N0) after the heater 47 
begins to heat the heat roller 41 until the surface 
temperature of the heat roller 41 reaches the cold start 
motor rotatable temperature T s (between points A and B in 
Fig. 6 (a) ) - 

Accordingly, the heat roller 41 is not driven to 
rotate while solidified toner Is adhering to the stripping 
blade 44 and the cleaner 45, so as to prevent the generation 
of abnormal noise or damage to the heat roller 41, the 
stripping blade 44, or the cleaner 45 caused by solidified 
toner sliding over the surface of the heat roller 41. 

The surface temperature T„ of the heat roller 41 is 
increased to the toner melting temperature T m (point B) and 
further to the cold start motor rotatable temperature T 5 . 
When the surface temperature T n of the heat roller 41 is 
subsequently determined to be higher than the cold start 
motor rotatable temperature T 5 (S5:YES) , the motor start 
flag is set to 1 (S8) as shown in Fig. 6(c). Based on the 
motor start flag being set to 1 (S3:YES), the main motor 65 
is controlled to drive in the warm-up operation (S4) (point 
B, Fig. 6 (d) ) - 

Because the toner adhering to the stripping blade 44 
and the cleaner 45 has melted by the time of when the 
surface temperature of the heat roller 41 reaches -the cold 
start motor rotatable temperature T s , the heat roller 41 can 
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be driven to rotate without generating noise or causing 
damage during the warm-up operation. 

When the surface temperature T n of the heat roller 41 
subsequently reaches the waiting temperature T r (point C) , 
the CPU 59 maintains the surface temperature T n : at the 
waiting temperature T r by controlling ON and OFF of the 
heater 47. 

When the front cover 2a is subsequently opened (point 
D>. for example, the CPU 59 turns OFF the heater 47, 
gradually lowering the surface temperature T n of the heat 
roller 41. The process determines that the warm-up 
operation is necessary when the front cover 2a is closed 
(S2 : YES) , and the CPU 59 turns ON the heater 47 to start the 
warm-up operation (S3) . The front cover 2a may be closed 
before the surface temperature T n drops below the check 
temperature T e or after the surface temperature T a drops 
below the check temperature T c . 

If the front cover 2a is closed before the surface 
temperature T n drops below the check temperature T c (point 
E) as shown in Fig. 6(a), although the surface temperature 
T n is lower than the cold start motor rot stable temperature 
T S (S5:N0), the CPU 59 determines that the .surface 
temperature T n is higher than the check temperature T c 
(S6:YES). Hence, the setting for the motor start flag is 
not changed and remains 1 as shown in Fig. 6(c), so that the 
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main motor 65 starts driving immediately after the warm-up 
process is started (S3: YES, S4) without waiting the surface 
temperature T n to reach the cold start motor rotatable 

temperature T s . 

In other words, toner that has adhered to and 
solidified on the stripping blade 44 and the clearier 45 is 
sufficiently melted by the time the temperature has reached 
the cold start motor rotatable temperature T s (point D) . 
Hence, even if the temperature drops below the cold start 
motor rotatable temperature T s , the toner is maintained in a 
molten state when the front cover 2a is closed (point E) due 
to the sufficient amount of heat applied prior to that point 
(point E) , provided that the temperature does not drop below 
the check, temperature T c - 

Hence, when the front cover 2a is closed (point E) , 
the driving of the main motor 65 in the warm-up operation 
can be started immediately and the heat roller 41 can be 
driven to rotate without abnormal noise or damage occurring 
due to solidified toner. Subsequently, a high-speed 
printing process can be performed while ensuring that the 
heat roller 41 is reliably driven to rotate. 

On the other hand, if as shown in Fig. 7(a) the front 
cover 2a is closed at point F after the surface temperature 
T n drops below the check temperature T c , the motor start 
flag is set to 0 (S7) by the time of when the front cover 2a 
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is closed as shown in Fig. 7(c). 

Therefore, the CPU 59 waits until the; surface 
temperature T n reaches the cold start motor Rotatable 
temperature T s (point G) after turning ON the heat roller 41 
(Fig. 7(b)). That is, as shown in Pig. 7(d), the main motor 
65 does not start driving in the warm-up operation until the 
surface temperature T n exceeds the start motor rotatable 
temperature T s (S5:YES) and the motor start flag is set to 1 
<S8) . 

in other words, even if the surface temperature T n of 
the heat roller 41 previously reached the cold start motor 
rotatable temperature T„ toner adhering to the stripping 
blade 44 and the cleaner 45 becomes cooled if the 
temperature subsequently drops below the check temperature 
T C . Accordingly, the main motor 65 does not start] driving 
immediately after the warm-up operation is started. After 
the cooled toner is sufficiently heated, such that the 
surface temperature T tt of the heat roller 41 again" reaches 
the cold start motor rotatable temperature T s , then the main 
motor 65 starts driving in the warm-up operation. In doing 
so, the heat roller 41 can be driven to rotate without 
generating noise or causing damage due to cooled toner. 

S 

In this way, the heat roller 41 is driven to rotate at 
the precise time in the warm-up operation based on the prior 
status of the surface temperature of the heat roller 41. 
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Accordingly, a high-speed printing process can be performed 
by achieving a high-speed warm-up operation while ensuring 
that the heat roller 41 is driven to rotate reliably. 

Because the check temperature T c is set at a 
temperature in which toner adhering to the cleaner 45 and 
the stripping blade 4 4 is melted and the heat roller 41 can 
be rotated for a cold start, it is possible to achieve 
prompt control based on the actual molten state of the toner 
adhering to the cleaner 45 and the stripping blade 44. 
Accordingly , the heat roller 41 can be reliably prevented 
from being driven while toner adhering to the cleaner 45 and 
the stripping blade 44 has not melted, thereby preventing 
abnormal noises and damage from occurring due to the 
scraping by unmelted toner. 

In particular , the cleaner 45 has a larger . thermal 
capacity than the stripping blade 44, and the cold start 
motor rotatable temperature T 5 is set as a reference based 
on the surface temperature T n of the heat roller 41 at which 
solidified toner adhering to the cleaner 45 melts. That is, 
toner adhering to the cleaner 45, which melts slower than 
toner adhering to the stripping blade 44, is used as a 
reference. Then, the driving of the heat roller 41 (main 
motor 65) is initiated in the warm-up operation based on the 
reference. Accordingly, the laser printer 1 can reliably 
prevent abnormal noise and damages from occurring due to the 
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sliding of unmelted toner. 

if the cleaner 45 is not provided in the laser printer 
1, then the cold start motor rotatable temperature T 5 can be 
set as the surface temperature of the heat roller 41 capable 
of melting toner adhering to the stripping blade 44 or the 
thermistor 43 having the larger thermal capacity. 

Next, a modification of the above-described embodiment 
will be described with reference to Figs. 8(a) to 8(d'). In 
the above-described embodiment , it is determined whether or 
not to start driving the maim motor 65 in the warm-up 
operation based on the status of the motor start flag and 
current temperature of the heat roller 41. However, in this 
modification, the main motor 65 is controlled • in the 
following manner during the warm-up operation. 

That is, if the warm-up operation is started when the 
motor start flag is not 1 and the surface temperature T n of 
the heat roller 41 is below the check temperature T c (point 
A in Fig. 8(a)), then as shown in Fig. 8(c), the motor start 
flag is set to 1 when a first predetermined time Tl elapses 
after the surface temperature T n has reached the check 
temperature T c . Thus, as shown in Fig. 8(d), the main motor 
65 starts rotating when the first predetermined time Tl 
elapses after the surface temperature T n has reached the 
check temperature T c - The first predetermined time Tl could 
be three, seconds, for example. 
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When the front cover 2a is subsequently opened (point 
D), for example, the CPU. 59 turns OFF the heater 47 ;as shown 
in Fig. 8(b), gradually lowering the surface temperature T„ 
of the heat roller 41. If 10 seconds elapses after the 
surface temperature T n has dropped to the cold stajrt motor 
rotatable temperature T B , then the motor start flag is set 
to 0 as shown in Fig. 8(C). Otherwise, the motor start- 
flag is maintained at 1 as shown in Fig. 8(c). 

When the front cover 2a is closed at point E in Fig. 
S (a) , then the CPU 59 starts the warm-up operation and turns 
ON the heater 47 as shown in Fig. 8(b). It is assumed that 
the front cover 2a is closed before the surface temperature 
T n drops below the check temperature T c . If the motor start 
flag is 1 when the front cover 2a is closed as shown in Fig. 
8(c), then as shown in Fig. 8(d) the main motor 65 starts 
driving immediately after the warm-up operation is started. 
On the other hand, if the motor start flag has already been 
set to 0 by the time of closing the front cover 2a as shown 
in Fig. 8(C), then as shown in Fig. 8(d') the main motor 65 
starts driving in the warm-up operation when a' second 
predetermined time T2 elapses after the heater 47 was turned 
ON. The second predetermined time T2 is shorter than the 
first predetermined time Tl. ! 

That is, if a time duration T3 (Fig. 8(a)) .between 
when the surface temperature Tn has dropped below the cold 
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start motor rotatable temperature Ts and when the warm-up 
operation is started is shorter than 10 seconds, then the 
main motor 65 is controlled to start rotating immediately 
after the warm-up operation is started. On the other hand, 
if the time duration T3 is equal to or longer ;than 10 
seconds, then the main motor 65 is controlled to start 
rotating the heat roller 41 and the like when the second 
predetermined time T2 elapses after the warm-up operation 
has been started. 

In this modification also, driving of the heap roller 
41 can be initiated precisely according to the prior; heating 
status of the heat roller 41, thereby achieving a high-speed 
printing process while ensuring reliably driving of the heat 
roller 41. 

While the invention has been described in detail with 
reference to specific embodiments thereof, it would be 
apparent to those skilled in the art that many modifications 
and variations may be made therein without departing from 
the spirit of the invention, the scope of which is : defined 
by the attached claims. 

For example, in the embodiment described above, the 
cold start motor rotatable temperature Ts is set to a 
temperature lower than the waiting temperature T r . However, 
the cold start motor rotatable temperature T 5 could be set 
to the same temperature as the waiting temperature T r . In 
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this case also, energy can be conserved while not performing 
a printing process (during a non-fixing operation) . ! Further, 
high-speed printing processes can be ensured by, rapidly 
raising the temperature from the waiting temperature to the 
fixing temperature T p before performing a printing process 
(fixing operation) . 

In the embodiment described above, the check 
temperature Tc is set to a temperature lower than the toner 
melting temperature T m - However, the check temperature T c 
could be set to the same temperature as the toner melting 
temperature T m . In this case, it is possible to ensure that 
driving to rotate the heat roller 41 is more ' rapidly 
initiated over a broader temperature range than when the 
check temperature T c is set higher than the toner t melting 
temperature T m . 

In the embodiment described above, the temperature at 
both axial ends of the heat roller 41 rises slower than in 
the center portion, in which the thermistor 43 is disposed, 
during the cold start between points A and C in Fig.. 6 (a) . 
The surface temperature at both ends is some 10°C lower than 
the surface temperature at the center. However, as the 
temperature is maintained at the waiting temperature T r 
during the period following the point C, the -surface 
temperature becomes uniform over the entire axial range of 
the heat roller 41. Accordingly, toner adhering to and 
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solidified on the axial ends of the heat roller 41 and the 
stripping blade 44 can take slightly longer to melt than 
toner adhering to the center portion. Therefore, it is 
desirable that the actual control takes into consideration 
the delay for melting this type of toner. 

in the above-described embodiment, an example was 
given for a monochrome laser printer 1, but the', present 
invention can also be applied to a color laser [printer. 
Further, in the above-described embodiment, a single 
thermistor 43 is disposed in the center of the heat roller 
41 with respect to the axial direction of the hat roller 41. 
However, a plurality of thermistors 43 may be used to detect 
the surface temperature at the center and ends of the heat 
roller 41, 
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